Eleven salt tolerant bacteria isolated from different sources (soil, plants) and their transformed strains were used to study their influence on Triticum aestivum var. Inqlab-91 growth under salt (100 mM NaCl) stress.
INTRODUCTION
Inappropriate irrigation practices and lack of drainage have usually led to increase of salts in the soil which is detrimental to the crops. In Pakistan every year almost 120 million tones of salts in irrigation water are being added to the land and 40,000 hectares of agricultural land become damaged.
In Pakistan about 6.30 million hectares of total land are salt affected (3) and agricultural losses due to salinity and waterlogging are expected to reach about Rs. 860 million (US$ 28.5 million).
A new biological approach 'plant-microbe interaction' to conquer salinity troubles has recently gained a great interest from many workers throughout the world (1; 6). Bacteria beneficially help the plant in a direct or indirect way, causing in the stimulation of its growth (16; 17; 24) . Natural population of saline environments with better adaptive strategies, halophilic/halotolerant bacteria are environmentally friendly option to apply as biocontrol mediators to ameliorate salt stress (4) . Nitrogen fixing bacteria have been shown to modify the properties of saline soil by adding nitrogen in to the soil (8) .
Earlier Yasmin and Hasnain (23) isolated plasmid harboring halophilic/halotolerant bacteria and their plant microbe interaction experiments showed the ability to promote growth of different plants in laboratory conditions (14) . Such findings showed that genes responsible for the salt tolerance may serve as a foundation in the success of plant-microbe interaction in saline soil. Hence the present study was conducted to assess T. aestivum growth under salt stress whether the salt tolerant bacterial plasmids (wild as well as in transformed strains) have some role in plant growth stimulation under salt stress conditions.
MATERIALS AND METHODS

Bacterial strains
Eleven salt tolerant bacterial strains (SP-3, SP-4, SP-7, PT-5, PT-6, HT-7, HAa2, PEh1, ST-1, ST-2 and ST-9) isolated from various sources (Table 1) were routinely grown on L-agar medium (7) supplemented with 2 M NaCl.
Transformation of strains
For transformation, Thomas (21) method was followed.
Plasmid DNAs from salt tolerant bacteria (SP-3, SP-4, SP-7, PT-5, PT-6, HT-7, HAa2, PEh1, ST-1, ST-2, ST-9) were isolated and transformed to Escherichia coli K12 strain C600 which was used as recipient (able to grow in the presence 0.1 M NaCl on L-agar, but can not grow at 0.5 M NaCl). All the eleven transformants of Escherichia coli K12 strain C600 (E.
coli-SP-3-T, E. coli-SP-4-T, E. coli-SP-7-T, E. coli-PT-5-T, E. coli-PT-6-T, E. coli-HT-7-T, E. coli-HAa2-T, E. coli-PEh1-T, E. coli-ST-1-T, E. coli-ST-2-T, E. coli-ST-9-T)
were able to tolerate up to 1.5-2.0 M NaCl in the growth medium. Plasmid was isolated following the method of Smith and Thomas (19) .
All the parental strains contain a single plasmid of size varying from 78 to 125 kbp. Seeds were surface sterilized and inoculated with bacterial suspension (1).
Experimental set-up
Petriplates were lined with double layer of wattman filter paper and supplied with 10 ml of autoclaved distilled water.
Inoculated seeds were uniformly spread in the petriplate (20 seeds in each petriplate) with the help of sterilized forcep. All the plates were kept in dark at 24 ± 2°C for three days.
Germination process was noticed daily. After germination, 10 ml of Hewitts (10) Sample was centrifuged (14,000 rpm for 10 minutes at 4°C) and supernatant (0.4 ml) was mixed with 2 ml of Folin's mixture and let it at room temperature for 15 min. After this 0.2 ml of Folin and Ciocalteu's phenol reagent was mixed and placed for 45 min at room temperature for the color development. Optical density was taken at 750 nm and soluble protein was calculated using standard curve.
16S rRNA Sequencing
To confirm taxonomic identity, strains ST-1, ST-4, ST-9
and HAa2 which showed promising results, 16S rRNA gene sequencing was undertaken. A part of the 16S rRNA gene (500 bp) was amplified using the primer (5'-GAGTTTGATCCTGG CTCAG-3') and (5'-GTTACCTTGTTACGACTT-3'). PCR was 
Statistical analysis
Standard errors of the means and LSD were calculated following Steel and Torrie (20) .
RESULTS
Strains identification
Identification Halomonas aquamarina ST-9 and Bacillus subtilis HAa2, respectively. All the eleven transformants of Escherichia coli K12 strain C600 could tolerate up to 2 M NaCl stress which showed that the salt tolerant genes were present on the plasmid.
Seed germination
Salt stress caused reduction (19%) in seed germination (Table 2 ) over non-inoculated control plants. In general, bacterial inoculations stimulated germination with and without salt stressed conditions. Without salt stress, parental strain H.
aquamarina ST-9 caused 10% increases in seed germination over respective non-inoculated control. At 100 mM NaCl, parental strain S. xylosus ST-1 and transformed strain HAa2-T caused 16% and 10% increment, respectively, in seed germination over non-inoculated control and 16% and 17%, respectively, as compared to E. coli C600. T. aestivum growth under salt stress 
Length parameters
Salinity also caused reduction in seedling growth (46%) over control (Table 3) . Some parental and transformed strains caused reduction in shoot growth without NaCl stress compared to plants inoculated with E. coli C600 as well as control. While seedling inoculated with B. subtilis HAa2 caused 6% enhancement in this parameter, over non-inoculated control at 100 mM, strain S. xylosus ST-1 caused 25% increments in seedling length over respective non-inoculated control.
Most of the transformants at 100 mM caused reduction in this parameter comparison to non-inoculated control.
Transformed strain E. coli-SP-4-T resulted 9.8% increment in growth over control E. coli C600 (table 3) .
Weight parameters
Salt stress inhibited fresh weight (83%) of T. aestivum seedlings as compared to salt free control (Table 3) coli-PEh1-T resulted about 35% increments over respective control under 100 mM NaCl stress. T. aestivum growth under salt stress Table 3 . Effect of salt tolerant bacteria (parental strains and their respective transformants) on seedling length and fresh weight of T. aestivum seedlings grown under control (without NaCl stress) and NaCl stress (100 mM). (means of four replicates).
Moisture content
Moisture content of seedlings reduced under salt stress ( Fig. 1) . At 0 mM, majority of the bacterial inoculations caused enhancements and some caused reductions in moisture content of seedlings. However at 100 mM all the parental and HAa2
inoculations induced significant increase in moisture content.
Biochemical aspects
Auxin content: Salt stress resulted an in increase (132%)
in auxin level of T. aestivum seedlings over when compared with control plants ( under salt stress as compared to salt free control (Table 4) aestivum seedlings under NaCl stress T. aestivum growth under salt stress 
Seedlings subjected to salt stress showed significant increases in Na + /K + ratios (Fig. 2) . With the application of bacterial inoculations generally enhancement in Na 
